Abstract: Carotenoids and retinyl esters are the source of vitamin A in the human body and its natural derivatives takes part in the regulation of cell replication and differentiation in the human endometrium, may induce the leiomyoma growth and has a role in differentiation of endometrial adenocarcinoma. The aim of the study was to demonstrate the presence of carotenoids in tissues from the normal uterus and from various tumors of the uterine corpus, as well as to compare the total content, major carotenoids and % of carotenoids belonging to the provitamin A group between the tissues examined. Using three independent methods of chromatography (CC, TLC, HPLC) we analysed 140 human samples. We identified 13 carotenoids belonging to the eg. provitamin A group and epoxy carotenoids. In all the samples β-carotene, β-cryptoxanthin, lutein, neoxanthin, violaxanthin and mutatoxanthin were isolated. In normal tissues, the mean carotenoid content was the highest in the follicular phase endometrium (9.9 μg/g), while the highest percentage of carotenoids belonging to provitamin A group was found in the luteal phase (18.2%). In the pathological group, the highest mean values were demonstrated for epithelial lesions (8.0 μg/g), and within this group -in endometrioid adenocarcinoma (10.8 μg/g). In both groups, violaxanthin, β-cryptoxanthin, lutein epoxide and mutatoxanthin were the predominant carotenoids. We have demonstrated that all uterine tissues show a concentration of β-carotene and β-cryptoxanthin, being the source of vitamin A. The highest total values of carotenoids obtained in the group of endometrioid adenocarcinoma seem to confirm certain enzymatic defects in carotenoid metabolism in the course of the neoplastic process or some metabolic modifications. The finding of astaxanthin -the major antioxidant among carotenoids -in 63% of tissues examined is also significant.
Introduction
The function of carotenoids in humans is not clear, although we know that retinol (vitamin A) is involved in vision-related processes, maintenance of differentiated epithelia, mucus secretion and reproduction. Animal studies have revealed that vitamin A and its derivatives (retinoids) play a primary role in the physiological development and growth of the uterine [1] , while its natural derivative -retinoic acid can restore normal uterine epithelial cell differentiation in deficient animals [2] . β-carotene supply has a beneficial effect on the growth of the embryo and placenta [3, 4] . A study of Schweigert et al. on gilts demonstrated that vitamin A content and distribution in uterine tissue was dependent on the stage of gestation [5] . Chew et al. showed that in cats fed diets containing β-carotene this carotenoid was subsequently taken up by corpora lutea and uterine endometrium, and also significantly increased the total content of uterine protein [6] . Also the uterine environment in pigs, apart estrogens, prostaglandin and several proteins, includes retinol [7] . Thus, carotenoid concentration in the mammalian uterine could regulate the uterine environment.
Vitamin A is provided to the human organism with food, in the form of retinyl esters (animal products) and carotenoids belonging to the group of provitamin A (vegetable products). Among them β-carotene is the most widely spread in nature. Its presence has been described in the majority of lower and higher plants [8] . In man, this carotenoid pigment absorbed with food is enzymatically converted into two vitamin A molecules. The multiple enzymes are capable of catalysing each of the steps required to convert dietary precursors to bioactive metabolites, such as retinal and retinoic acid. These steps can be catalysed by more than one enzyme and most of the enzymes involved are multifunctional [9] . So this process is complex. The retinoic acid, a natural metabolite of vitamin A, takes part in the regulation of the cycles of cell replication and differentiation in the human endometrium [10] , and decidualization of fibroblasts [11, 12] . Tsibris et al. suggest that among inducers, apart from estradiol, the transcriptionally active PPARγ:RXRα heterodimers and all-trans retinoic acid may regulate the leiomyoma growth and this mechanism is potentially reversible [13] . There has also been a suggestion that retinoic acid may take a role in differentiation of endometrial adenocarcinoma [14] . Deng et al. assume that endogenous retinoic acid may play an important role in opposing the stimulatory effect of estrogen in the normal endometrium and potentially suppressing the development of endometrial hyperplasia and cancer [15] . It is likely that in rats retinoic acid produced endogenously by the uterus plays a major role in uterine cell biology, and this role is attenuated through the CRABPs [16] . CRABP I and II facilitate the mobilisation of retinol from retinyl esters and also the metabolism of retinol to retinoic acid. This proteins could also play a role in the transfer of retinoic acid to the nucleus [17] . In women, the mean CRABP concentration in endometrial carcinomas represents an approximately 4-fold increase over the mean concentration in the normal endometrium and CRBP concentrations tend to be reduced [18] .
In the present study, we analysed the content of carotenoids in normal and pathological tissues of corpus uteri, their concentration in tissues and belonging to biochemical groups. We identified predominant carotenoids and determined the percentage of carotenoids belonging to the group of provitamin A. We also attempted to show any differences between the respective groups of tissue samples examined.
Materials and methods
Subject and sample collection. Material for analysis was obtained from 140 women, aged 32-74, during the planned curettage or operated on for various tumors of the uterine corpus in the Department of Gynaecology, Medical University of Bia³ystok. (see Table 1 ). Histologically, the material originated from the normal endometrium and myometrium and from tumors of the uterine corpus (epithelial, mesenchymal or mixed tumors).
Cancer tissue carotenoid analyses. The carotenoid pigments were isolated using column chromatography (CC), thin-layer chromatography (TLC) and high-performance liquid chromatography (HPLC). Prior to chromatography, the material was homogenised with acetone under nitrogen in dark glass bottles and the extracts were kept in a refrigerator until analysed. Saponification was carried out with 10% KOH in ethanol at 20°C for 24 h in the dark under nitrogen. Column and thin-layer chromatography was used to separate the carotenoids, which were identified by comparison with standard compounds (Hoffman-La Roche and Sigma Company) by a) the behaviour on column chromatography; b) their UV-VIS spectra (Beckman 2400); c) their partition between n-hexane and 95% ethanol; d) their Rf-values on thin-layer chromatography; e) the presence of allylic OH-group determined by the acid CHCL3 test; f) the epoxide test and g) the mass spectrum [19] . Pigments were determined also by ion -pairing, reverse -phase HPLC. To 1000 μl of the clear extract, 300 μl of ion -pairing reagent was added according to Mantoura and Llewellyn [20] . The HPLC equipment consisted of Shimadzu LC -6A double -system pump, driven by a gradient programmer Shimadzu SCL-6B and Redone 7125 injector equipped with a 20-μl loop. A Shimadzu SPD -6AV UV -VIS spectrophotometer detector set detection on 440 nm and Shimadzu RF -535 fluorescence detectors.
Carotenoids as pigment standards were obtained from Hoffman -La Roche Company, Switzerland, International Agency for 14 C Determinations, Denmark and Sigma Chemical Company,USA.
Quantitative determinations were performed by UV, VIS spectroscopy [21] . For the structures of carotenoids see Straub [22] and Czeczuga [23] .
Statistical analysis.
In each group of examined tissues mean values ± standard deviation (SD) were calculated. The Mann-Whitney test was used to perform statistical analysis.
Results
The characteristics of study subjects are shown in Table  1 . A list of carotenoids obtained form the investigated samples is shown in Table 2 and Fig. 1 .
The investigations allowed identification of 13 carotenoids in the tissue samples examined. Six carotenoids: β-carotene, β-cryptoxanthin, lutein, neoxanthin, violaxanthin and mutatoxanthin were found in all the samples (100%), irrespective of the histological type. 95% of the tissues contained zeaxanthin. 92.8% had lutein epoxide, which was absent only from polypus endometrialis. Astaxanthin was identified in all histopathological groups (62.8%). Hydroxyechinenone was found only in the follicular phase endometrium (2.1%), as well as in epithelial tumors and other lesions of epithelial origin (17.9%), including endometrioid adenocarcinoma (5.7%). Antheraxanthin (11.4%) was found in the muscular tissue, in epithelial tumors group and in other epithelial lesions (most commonly in endometrioid adenocarcinoma 5.7%) and in mixed tumors (mixed epithelial and mesenchymal tumorsadenomyoma). Canthaxanthin was identified only in the group of myomas (2.1%). Of the 140 tissues examined, only one contained β-carotene (nonatypical hyperplasia Table 2 ). Table 1 . Characteristic of study subjects (normal tissues/tumors of the uterine corpus). Table 3 and 4).
The total carotenoid content in the samples obtained from endometrium and muscular tissues ranged from 2.6 to 11.8 μg/g tissue, mean 6.3±2.91 μg/g. Mean values in the tissues obtained from the endometrium were higher compared to those from the myometrium but not statistically significant (7.1±3.25 / 4.6±0.66 μg/g). In the follicular phase mucosa, the mean carotenoid content was higher than in secretory phase (respectively: 9.9±1.56 and 4.2±1.16 μg/g).
The highest concentration of provitamin A carotenoids was observed in the tissues of the secretory phase uterine mucosa (18.22±2.57%).
Violaxanthin, β-cryptoxanthin and lutein epoxide were the predominant carotenoids in the follicular phase, while violaxanthin and mutatoxanthin in the secretory phase mucosa and in the uterine muscle (Table 3) .
The total carotenoid content was slightly higher in the material obtained from pathological lesions, ranging between 1.1 and 13.6, mean 6.9±3.31 (Table 4) . It was the highest in the group of epithelial tumors and lesions of epithelial origin (8.0±3.48 μg/g), especially in endometrioid adenocarcinoma (10.8±1.87 μg/g). In mesenchymal tumors, the mean carotenoid content was 5.0±1.96 μg/g, being the highest in leiomyosarcoma (6.1±1.13 μg/g). The lowest values were noted in the group of mixed tumors (4.7±0.56 μg/g).
The % of the provitamin A group carotenoid content was the highest in mesenchymal tumors (11.7%). In the remaining two groups the values were similar.
Like in normal tissues, the predominant carotenoids included lutein epoxide (37.1%), mutatoxanthin (28.6%), β-cryptoxanthin (7.1%) and violaxanthin (5.7%). Lutein epoxide and mutatoxanthin were detected in all the histopathological groups examined, although the latter was not present in endometrioid adenocarcinoma. β-cryptoxanthin and violaxanthin were found only in the group of epithelial tumors and lesions of epithelial origin (endometrioid adenocarcinoma) ( Table 4) .
Discussion
This report describes the total content, major carotenoid and % of carotenoids belonging to the provitamin A group in normal tissues of the endometrium and myometrium and in tissues of tumors of the uterine corpus. In addition, the results confirm differences between the study groups.
The up-to-now many years' studies have focused mainly on β-carotene. Our results are the first to allow complete identification of carotenoids of the provitamin A group (α-carotene, β-carotene, β-cryptoxanthin, hydroxyechinenone) or epoxide carotenoids (lutein epoxide, mutatoxanthin, violaxanthin).
In 1992 Stahl found differences in the carotenoid content in the respective organs, which varied between individuals. Carotenoids were detected in greatest amounts in the liver, adrenal glands and testicles [24, 25] . Despite individual differences in carotenoid patterns, β-carotene and lycopene were predominant in all the subjects [24] . The function of carotenoids in tissues of the reproductive organs in women and their effects on the reproductive function are unknown. Table 3 . Carotenoids composition in the examined tissues of normal endometrium and myometrium.
# statistically significant differences relative to the endometrium folliculare group; ^statistically significant differences relative to the endometrium luteale group
Our own research has revealed that in physiological conditions carotenoid concentration is the highest in the follicular phase endometrium. Also the presence of hydroxyechinenone and the predominance of β-cryptoxanthin are associated with this phase. However, carotenoids of the provitamin A group constitute the highest percentage of pigments present in the luteal phase endometrium, which may have a protective effect and prevent pathological changes there. In 2004 Lindquist and Andersson revealed that the normal endometrium expresses BCO1, the enzyme that catalyses the first step in the conversion of dietary provitamin A carotenoids to vitamin A. Thus it may be responsible for local synthesis of retinol from the carotenoids accumulated in the uterus in cases when their dietary supply is insufficient [26] .
In experiments on dogs, Weng et al. observed that uptake of β-carotene and α-carotene by the uterine endometrium and concentration of carotenoids increased after supplementation of higher doses of β-carotene [4] . In our own experiments using 3 independent methods we detected α-carotene in tissues of atypical hyperplasia complex only once. The question is why this carotenoid, present in 50% of tissues of benign and malignant tumors of the breast and surrounding fatty tissues [27] , was observed only sporadically in the present study.
β-carotene content in human reproductive organs was comparatively lower than that reported for tissues of other human organs [28] . Compared to other neoplastic tissues, tissues of endometrial cancer had the lowest content of β-carotene [29] . Although group A provitamin carotenoids were not the predominant ones, all the tissues (140 samples) contained β-carotene and β-cryptoxanthin. Thus, any tissue obtained from the uterine (normal or pathologic) shows a concentration of vitamin A. The predominant carotenoids were: β-cryptoxanthin and epoxide carotenoids: lutein epoxide, mutatoxanthin and violaxanthin. Lack of β-carotene dominance can be due to its involvement in a synergistic action with other carotenoids [30] or with the effect that leads to the reduction in the serum content of other carotenoids [31] .
In man, the major source of vitamin A is enzymatic cleavage of β-carotene and the principal source of retinoic acid is generated in situ in target organs from retinol. Cain et al. were the first to make evidence that in the human endometrium there is an expression of retinol dehydrogenase (hRoDH-4) implicated in the biosynthesis of retinoic acid and this expression is compromised in cancer [10] . So carcinogenesis may be associated with reduced retinoic acid biosynthesis. This process may also involve hydroxyechinenone (provitamin A group), higher values of which were observed in histopathologically diagnosed endometrial carcinoma and which was usually accompanied by antheraxanthin. Worth noting is the fact that both in normal and pathological tissues, the mean total carotenoid content was similar (6.2 / 6.9 μg/g). However, the mean values were the highest in the group with endometrial cancer (10.8 μg/g).
The mean carotenoid content was low in polypus endometrialis, twice as high in hyperplasia, and definitely the highest in endometrial cancer, which may confirm the enzymatic defect in retinol metabolism [10] or metabolic modifications [32] in the neoplastic process. Endometrial transformations under the effect of steroids and retinoids obtained from the culture of the human endometrium by Kamelle et al. suggest that these compounds may have an effect on endometrium transformation, resembling dysplasia or cancer [33] .
Similarly, in the group of mesenchymal lesionsmalignant lesions (leiomyosarcoma) showed higher total carotenoid content, compared to benign lesions (myomas).
Uterine leiomyomas, benign tumors of smooth muscle cells, are the most common pelvic neoplasms in women. In the normal myometrium the values of β-carotene were more than twofold higher compared to those obtained in leiomyoma group [28, 29] . Based on our study outcome, we found no differences in the mean total carotenoid content between both groups, the values were relatively low. However, these groups showed high percentage of carotenoids belonging to group A provitamin (respectively 14.0 and 12.6%), which may confirm the involvement of retinoic acid in the regulation of myoma growth [13] . Zeaxanthin, present in 95% of the material examined, was identified in all but 7 samples obtained from the myometrium, while canthaxanthin seemed to be characteristic of myomas.
Authors of numerous studies concluded that the carotenoid effect is due to its prior conversion to vitamin A. However, most dietary carotenoids cannot be converted into retinoids. Some literature data indicate that β-carotene can bind certain retinoid receptors without being cleaved to form vitamin A [34] . Other mechanisms of carotenoid pigments should also be considered. Asthaxanthin found in 63% of the tissues examined in the present study has the highest antioxidative properties [35] , especially in tissues in which oxygen tension is low (eg. in the uterus). Also β-carotene may serve to protect the uterine environment from oxidative damage [6] . Chew and Park revealed that dietary carotenoids withouth provitamin A activity, such as lutein, lycopene, asthaxanthin and canthaxanthin demonstrated the immuno-modulatory action (immuno-enhancing action) [36] . Canthaxanthin, β-carotene α-carotene, lutein, β-cryptoxanthin and lycopene also take part in gap-junction communication [37] .
A number of factors can affect carotenoid concentration in tissues. Some aspects of diets (fresh fruit and vegetables) is associated with a decreased risk of endometrial cancer [38] , including the amount of fatty tissue that serves as a certain type of carotenoid reservoir [39] , or with smoking. It has been shown that the atmosphere of high content of free radicals modifies β-carotene metabolism to obtain forms rich in excentric cleavage metabolites that are structurally similar to retinoids, which could somehow interfere with the metabolism of retinoic acid and thus retinoid signalling [32] .
The question whether the presence of carotenoids is the result of accumulation or the effect of a definite function remains open, the more so as carotenoids belonging to different groups may accumulate in blood or tissues, and some of the environmental chemicals may interact with the retinoic acid receptors in the uterus [40] . Thus, the accumulation of carotenoids may be the consequence of this event.
The possible involvement of carotenoids in the biological processes that occur in the uterine endometrium and muscle and the possible efficacy in the prevention of cancer should be explored further.
